INTRODUCTION
The overfishing of valuable plaice grounds in the southern North Sea, has diverted attention from the natural history of the species (Pleuronectes platessa) towards a better understanding of its population dynamics. The early statistical studies of Buchanan-Wollaston (1914-26) have been followed by the recent work of my colleague Mr A. C. Simpson, at the Fisheries Laboratory, Lowestoft, on egg production and survival o(larvae over the plaice spawning ground in the Southern Bight.
Observations of a purely bioiogical nature are often needed to clarify the pattern of population flUctuations derived from statistical data. For instance, efforts to assess the mortality of plaice in the Southern Bight had been somewhat impeded by gaps in our knowledge of the food and feeding behaviour of the post-larval phase. In 1950 I was given the opportunity to fill in these gaps.
A survey ofliterature on this subject revealed a variation in food preferences of post.,.larvae from different coastal areas of Great Britain. Kyle (1898) , in his investigation of the Scottish plaice fishery, discovered young annelid larvae, crustacean ova, Evadne nordmanni, and larval molluscs in the postlarval stomachs. Lebour (1919) , working at Plymouth, concluded that certain . copepods and other Entomostraca formed the main food of nearly all young flatfish caught, though the plaice was poorly represented in this examination. Scott (1922) , in the Irish Sea area, found harpacticoids, small copepods and algal spores to be the chief food constituents of the plaice stomachs.
As a result of the dissection of some hundreds of specimens taken in four different years the diet of plaice post-larvae from the Southern Bight is now known, in normal seasons, to be markedly different from that in the areas examined by earlier workers (Table I) .
COLLECTION AND DISSECTION METHODS
In the early months of 1946 and 1947, the Hensen net was used to catch planktonic plaice post-larvae during egg-sampling cruises. The Heligoland larva net and the Agassiz trawl were introduced in 1950 and 1951, as work IS°J. E. SHELBOURNE progressed on the post-hatching stages. Larvae and post-larvae were preserved in 2 %formalin, to be later measured and classifiedinto developmental stages 1-5. Stage 1 is the larva in which the yolk-sac is not yet resorbed. Post-larval stages 2 and 3 are planktonic and still symmetrical, whereas stage 4 covers the movement of the left eye on to the edge of the head. Stage 5, with both eyes on the right side, is thought to be the first who1ely bottom stage, approaching completion of metamorphosis. In 1950 and subsequent years, the gut contents were examined as follows. Specimens were placed on a black background, in order to emphasize the opaque outlines of the coiled alimentary canal. The body wall was dissected away on one side with needles; the gut severed in the anterior oesophageal and posterior anal regions, then removed into water in a watch-glass. No optical aids were needed. After disengaging liver and muscular tissue under a dissecting microscope, the gut was transferred to a drop of water on a slide and divided into three sections, by transverse cuts at the anterior and posterior stomach sphincters. These sections were laid open with needles, the lumen contents separated from gut tissue by gentle teasing, and the former examined under high power. fig. 1 ). Only five specimens held the chitinous remains of copepods; in two these remains were identified as Temoralongicornis, in the other three they were too fragmentary for identification. Twenty-three stomachs were empty. Diatoms were usually found associated with animal food remains, the principal genera being Coscinodiscus,.Biddulphia, Navicula and Nitzschia. The larger thin-walled diatoms are readily taken by the yolksac stage larvae and the early stage-2 post-larvae. They probably represent the' green food remains' observed in the past by a number of workers. The black pellets and surrounding matrix vesicles were studied more closely (PI. I, fig. 2 ). Pellets varied greatly in length (0'12-0'60 rom.), but their shape was more consistent. Their n,umber varied from specimen to specimen, and their distribution within the gut was not constant. As many as sixty-two pellets were found in one gut ;llone, forty-two in the stomach and twenty in the intestine. As fish post-larvae are not known to produce compact faeces, these pellets were judged to be formed by a certain type of animal prey. The prey would have been soft, easily and almost completely digestible, leaving characteristicallyshaped.pellets and a thin matrix vesicle. as the only evidence of its nature. Zooplankton samples from the spawning area were exaIninedfor such an animal. Oikopleuradioica(PI. I, fig. 4 ) fitted the description and was present at all stations where post-larvae occurred. The shape variation of pellets from the gut of Oikopleuraand from the gut of post-larvaetaken in the same localityare compared in Text- fig. 1 . There is a distinct relationship. The indigestible matrix vesicleswere, without doubt, the developing' houses' of Oikopleuraeaten by the young plaice. Lohmann. (1903) ,in his work on the Appendicularia, noted the resistant nature of these structures. The cuticular secretions of the tunicates are now known to have a chemical composition closely allied to cellulose. The absence of cellulase from the enzymic system of the plaice post-larva would explain the indigestibility of the 'house'. ' During the spring of 1951, a further series of Agassizhauls was made over the plaice spawning grounds. A total of 195 post-larvae were caught, eleven of which bore undigested Oikopleurain the oesophagus (PI. I, fig. 3 ), whilst a further seventy-one contained typical pellets and vesicles. Seventeen specimens held other animal food, principally Temora longicornis, copepod eggs and molluscan veligers. The palps of Magelonapapillicornis, a sedentary polychaete, were found in the stomachs of a few late stage-5 post-larvae.
TABLE II. ABSTRACT OF PLANKTON ANALYSIS FOR THE SOUTHERN BIGHT, 1947
Main potential food organisms of plaice post -larvae per cubic metre. Vertical Hensen net hauls (60 meshes/ I in.).
Station no. Plankton organisms less than 0'35 mm. in length are not filtered quantitatively by the Hensen net. However, size measurements of the faecal pellets taken from plaice stomachs suggest that smaller Oikopleura were either relatively scarce or were not used as food by pli).ice post-larvae. Oikopleuraspp.
-- Oikopleuraspp. Ninety-six stomachs were empty. Towards the end of March 1951, fifty completely metamorphosed young plaice (15-17 mm. long), collected at stations about 25 miles west of Ijmuiden, were found to be feeding mainly on the palps of M. papillicornis.
Records for January 1946 show that a high proportion of feeding postlarvae of an early stage, had' detrital pellets' in the alimentary canal. On the other hand, post-larvae caught with a Hensen net during 1947 appear to have fed on a mixed diet of large diatoms and small copepods, with an occasiomil molluscan veliger and polychaete larva. The anomalous situation in early 1947, when other species assumed principal importance as food, has yet to be explained. Probably the prolonged easterly gales and icy conditions in the plaice spawning area delayed the annual increase of Oikopleura stocks. The organisms comprising this alternative diet are usually more abundant than Oikopleura in the plankton during the postlarval development period of the plaice (Tables II and III) .
THE PHENOMJ\NON OF FOOD SELECTION
There is much evidence to support the view that flat-fish post-larvae are discriminate feeders. Dannevig (1897) .was of the opinion that only one food species was eaten for a time by baby plaice, though different individuals may eat different species. Petersen (1894) observed that dabs, plaice and flounders living under the same food conditions, had distinctly different food preferences. Lebour (1919) concluded that most young fish select their food from what is commonest in the plankton at the time, indiscriminate feeding seldom or never taking place.
In the present work, the food eaten by plaice post-larvae bore little relationship to the proportions of the plankton constituents. As an example, the summary of feeding during March 1950 (Table I) , should be compared with the analysis of plankton taken in the same area at the same time (Table III) . Feeding was restricted to a few species, and was not in proportion to the abundance of those species in the plankton.
The mechanism of diet restriction is still in doubt. The popular term' food selection' has in the past been used to describe an effect, with the implication that fish post-larvae instinctively select certain food species when presented with a choice. There is no question of post-larvae being inherently fitted to utilize only a limited number of the species of prey normally available to them in their natural environment. North Sea plaice post-larvae have been successfully reared in this laboratory on Artemia salina nauplii, which they do not encounter in nature. In 1951, stage-2 post-larvae fed eagerly on dried egg fragments sprinkled over the surface of sea water in tanks.
Conceivably, under normal circumstances, young fish are able to recognize suitable food after a period of exploratory hunting activity, and the extent of this suitability may be largely governed by the vulnerability of the prey. Vulnerability would seem to depend on the size, structure and behaviour C?f the prey, as well as on the hunting ability of the predator.
The importance of prey size in relation to the mouth and gullet proportions of a post-larva was discussed by Lebour (1919) , and elaborated recently by Wiborg (1948) for cod larvae. Observations made at sea in March 1952 revealed that stage-3 plaice post-larvae were feeding on Oikopleura, Temora nauplii, metanauplii and copepodites, which were particularly abundant, and on the large diatoms Coscinodiscus concinnus and Biddulphia regia. These organisms were occasionally found together in the same stomach. Postlarvae in earlier stages of development were eating smaller Oikopleura, nauplii and the usual diatoms. Advanced larval and early post-larval forms fed on diatoms only, the smallest of these food types.
Structure and behaviour play an equally important part in determining the vulnerability of prey. Lebour (1918) noticed that decapod larvae were rarely eaten by young fish, and attributed this to the spinous nature of the prey.
The number and efficiencyof sense organs, conspicuousness, special escape reactions, secretion of repellents, and the swarming habit, are but a few of the factors which might well decide how far a particular prey is open to attack by a particular predator.
With the concept of vulnerability in mind, it is easy to see why the soft-. bodied, slow-moving, but conspicuously vibratile Oikopleura should fall a ready victim to a visual feeder, as the plaice post-larva appears to be (see below).
DIURNAL FEEDING ACTIVITY
Forty-four per cent of all post-larval stomachs were empty. Other workers have referred to the lack of food ;traces in a high proportion of the total stomachs they investigated. . Scott (1922) thought that the easy rupture of the stomachs might account for emptiness in the early planktonic forms, and that regurgitation in the net, or on addition of preservative, took place with metamorphosing and later stages. Lebour (1921) commented \ on the high numbers of empty stomachs encountered during work at Plymouth, and considered that infrequent feeding coupled with rapid digestion, might serve as a protective measure in young clupeoids. In these circumstances, feeding fish would only occasionally be caught. The regurgitation theory was tested at sea in March 1952. Two vertical Heligoland larva-net hauls were made every 2 hr. in 20 fathoms of water. The plaice larvae and post-larvae of each haul were separated from other planktonic material. pne catch was dissected immediately for stomach contents, and the other preserved in 2 % formalin for later dissection. After 24 hr. work, no significant difference was seen in the frequency of empty stomachs between the two samples from any 2-hourly station, and the conclusion was reached that the addition of dilute formalin did not stimulate antiperistalsis. However, as the experiment progressed from day to night, a distinct falling off in the proportion of filled stomachs was noticed, followed by a sudden burst of feeding activity after first light the following morning. The experiment was continued for a further 24 hr. The pooled results for both days are represented in Fig. 6 by the continuous line. Post-larval feeding was most intense shortly after first light and for some considerable time before darkness fell, with a period of desultory. feeding before and after noon. Data for the 4 years under consideration in this paper were analysed in a similar way to those of the 48 hr. station, and the results are presented in Table IV and Text- fig. 2 by the broken line. The principal gradients are not as sharply defined as for the 48 hr. station, due to differences in the extent of daylight hours between January and late March, but the first light and afternoon peaks of feeding activity are quite distinct, with a decline occurring in the early hours of the morning.
Light conditions seem to play an important part in determining the . . periodicity of feeding activity in plaice post-larvae. This conclusion is reinforced by laboratory work, in which the post-larvae of plaice and plaiceflounder hybrids were subjected to changesin light conditions, other environmental factors being equal. The experiment was carried out at 90 C. using Artemia salina nauplii as food. On the first day of the experiment, five beakers containingbatches of post-larvaewere standing in tank A, surrounded by circulatingwater at 90c., open to artificialand diffusedaylight. That same night, three of these beakers (7,12 and 15a) were transferred to tank B, in 'which conditions were the same as in tank A, except for the complete exclusion of light. These three beakers were returned to tank A the following The fractions give the number of post-larvae with food in their stomachs {numerator) and the total number of post-larvae in the beaker (denominator).
evening, whilst the remaining two beakers (II and 15b) took their place in darkened tank B. On the evening of the third day, beakers II and 15b were transferred back to tank A. Observations on post-larval feeding activity were made each day at approximately 10.3°, 15.00 and 18.00 hr., and the results "are recorded in Table V . On no occasion were post-larvae found feeding in darkness; in lighted conditions plaice-flounder hybrids were more vigorous feeders than plaice.
Thus there are good grounds for concluding that plaice post-larvae are visual feeders, although the possibility of an inherent .daily feeding rhythm cannot be entirely overlooked. For present purposes, it is sufficient to say that a large proportion of the empty stomachs encountered during the investigation of tlieir diet in the Southern Bight, can be accounted for by big diurnal fluctuations in feeding activity influenced by light conditions. I am indebted to members of the staff of the Fisheries Laboratory at Lowestoft, in particular to Mr A. C. Simpson, for the experimental data on the feeding periodicity of post-larvae in tanks and for access to material from his plaice and larva surveys of 1946-52. I would also like to thank Mr J. c.
Cattley for the plankton analyses and Dr H. A. Cole of the ShellfishExperimental Station, Conway, for his criticism of the manuscript.
SUMMARY
An examinationwas made of the stomach contents of plaice po~t-Iarvaetaken from the Southern Bight spawning ground in the spring of 195°. They were found to be feedingmainly on a soft-bodied prey, which left characteristically shaped faecal pellets and an undigested matrix vesicle as the only evidence of its nature. Pellets from the post-larvae compared closelyin shape with those of Oikopleuradioica,found in the plankton of the spawning area during the period of post-larval development.
In 1951, undigested Oikopleurawere seen in the oesophageal regions of a few dissected specimens, in addition to typical indigestible remains in a large proportion of the total feeding post-larvae examined.
Records for 1946suggesta similar eXploitationof the Oikopleurapopulation by plaice post-larvae, although the phenomenon was not repeated in 1947, when inclement weather may have interfered with the annual outburst of this prey.
. The phenomenon of food selection by plaice post-larvae is discussed, with special reference to the part that vulnerability may play in limiting the number of species of prey availableas food.
A feature of this and. other investigations on post-larval feeding, was the occurrence of a high proportion of empty stomachs. An experiment designed to test a regurgitation hypothesis, revealed the existence of a marked diurnal pattern of feeding activity, apparently influenced by light conditions. The importance of light in feeding behaviour was confirmed by tank experiments. In this investigation a large proportion of the empty stomachs encountered can be explained by reference to diurnal fluctuations in feeding activity, supporting the view that plaice post-larvae are visual feeders. 
